The study included 112 consecutive patients (52 men and 60 women; mean age, 47 6 16 years; range, 15-87 years). A total of 126 examinations were performed. All ultrasound examinations were done with high-resolution probes with up-to-date protocols. The clinical contribution of wrist and hand sonography was assessed (ultrasound examinations contributive/noncontributive). Descriptive statistic and nonparametric tests were used.
of evidence in this field is confirmed by the lack of studies assessing the clinical contribution or therapeutic impact of wrist and hand sonography. Indeed, the number of patients for whom wrist and hand sonography is judged useful or contributive for treatment planning has not been assessed systematically so far. Evaluation of the clinical contribution for a diagnostic imaging test is crucial to determine whether an examination is valuable 7, 8 and can even influence health care providers to fund it or not. As reported by ESSR, in daily clinical practice, indications for wrist and hand sonography are frequently based on the experience of the referring physician and sonographer but are still not supported by a defined "evidence-based" approach. 6 A recent retrospective study showed that shoulder sonography has a substantial impact on clinical decision making and patient treatment. 9 However, to the best of our knowledge, the clinical contribution of wrist and hand sonography has not been formally assessed so far. Therefore, the purpose of this study was to evaluate the clinical contribution of wrist and hand sonography.
Material and Methods
This study was approved by the Ethics Committee of the Regione Liguria (EC-number 411 REG2016 and 439REG2016) and was conducted between January 2012 and June 2017. Data collection was done retrospectively from January 2012 to December 2016 and prospectively from January 2017 to July 2017. The study design was based on research methods described by Jarvik 8 within a framework proposed by Fryback and Thornbury. Thus, the goal of this study was focused on showing the value of wrist and hand sonography in modifying the diagnostic and therapeutic approach disaggregated from accuracy and outcome.
Study Participants
With a consecutive selection, 112 adult patients (52 men and 60 women; mean age, 46 6 15 years; range, 15-87 years) who underwent wrist and hand sonography between January 2012 and June 2017 were included, with the following inclusion and exclusion criteria:
Inclusion criteria: Adults with clinically suspected pathology of the wrist and hand referred to ultrasound examination (eg, tendon, nerve injury, tumor) Diagnostic question made by the referring clinician before ultrasound examination with clearly written request Referring clinician is an expert in hand surgery Exclusion criteria:
Known or suspected rheumatologic disorders Diagnostic question before ultrasound examination not available Acute conditions treated immediately in the emergency department
Imaging
All patients underwent high-resolution ultrasound protocol following ESSR technical guidelines. 10 In addition to the standard ESSR protocol, ultrasound examination was tailored by a focused study of the symptomatic anatomic region. After ultrasound examination, a structured report was done. The ultrasound examination was done by 1 musculoskeletal radiologists (A.T.) experienced in interpreting sonograms (10 years of ultrasound imaging experience, strong track record of musculoskeletal ultrasound research, and ESSR diploma). Ultrasound examinations were performed using commercially available equipment with high-resolution broadband transducers (linear probes with 12-7-MHz and 17-5-MHz frequencies). The ultrasound imaging findings were reported as suggested by the literature 2, 11, 12 and according to current clinical practice.
Outcome Measure
Concerning the assignment of the ultrasound contribution, to avoid biases, the value of sonography was determined, matching the diagnostic question made by the referring physician and the official ultrasound report. To reduce biases, only wrist and hand ultrasound examinations with the diagnostic question made by 2 expert hand surgeons (A.C. and M.R.) with more than 5 and 15 years of experience were considered. To further reduce biases, clinical contribution of wrist and hand sonography was assessed by 2 radiologists in consensus (F.R. and B.B, with 3 and 5 years of experience in musculoskeletal radiology, respectively) who did not perform the ultrasound examination.
A slightly modified classification to assess the contribution of sonography was used on the base of previous published literature. 13, 14 Sonography was considered to be contributive if the lesion previously suspected at clinical assessment was confirmed or if sonography added useful information confirming or modifying the diagnostic and therapeutic path. Sonography was considered to be noncontributive if ultrasound findings were normal or if sonography was not useful to explain patient symptoms. 13, 14 In these cases, patients were normally referred to magnetic resonance imaging; the data are not included in the present study because they are not strictly related to the aim of the study, which is focused on sonography. In addition, the differences in treatment plans before and after wrist and hand sonography were recorded.
Statistical Analysis
Descriptive statistics were used. The number and percentage of patients referred to sonography according to clinical history and anatomic region were recorded. Diagnoses before and after sonography were compared to assess the clinical contribution. Overall contribution of sonography (contributive or noncontributive) was reported. The ratio between sonography considered contributive and sonography considered noncontributive was calculated. To assess differences in ultrasound contribution in a posttraumatic setting, a 2 3 2 contingency table for chi-square calculation with Fisher correction was done. We arbitrarily selected a significance level of P less than .01. Due to the exploratory nature of the study and the lack of similar articles in the literature to estimate sample size, we did not estimate sample size.
Results
Final analysis was done on a total of 126 wrist and hand ultrasound examinations of 112 patients due to the presence of 14 bilateral examinations.
Fifty-one of 126 (40%) examinations were performed in patients with a history of previous trauma. Patients with possible retention of a foreign body were also included in the clinical category of trauma. Twentysix of 126 (21%) examinations were performed in patients with a history of overuse but not a direct trauma.
Twenty of 126 (16%) examinations were performed in patients who had previously undergone surgery of the wrist and hand. Seventeen of 126 (13%) examinations were performed in patients with a history of neuropathy (among this category, 10 of 17 (59%) examinations were performed for carpal tunnel syndrome and 7 of 17 (41%) for small-nerve evaluation and Guyon syndrome). A total of 12 of 126 (10%) examinations were performed for diffuse pain.
Overall Contribution of Sonography According to Clinical History Sonography proved to be noncontributive in 30 of 126 (24%) examinations and contributive in 96 of 126 (76%) examinations. Contributive/noncontributive ratio was 3.2 (96/30). The difference in treatment plans before and after wrist and hand sonography is shown in Table 1 .
Among the ultrasound examinations classified as contributive, 46 of 96 (48%) were performed in patients with a history of previous trauma. The remaining patients with contributive sonography were referred for carpal tunnel or Guyon syndrome (14 of 96; 15%), a history of overuse (19 of 96; 20%) and of previous hand or wrist surgery (13 of 96; 14%). Three of 96 (3%) examinations confirmed the presence of soft tissue tumors. In 1 of 96 (1%) examinations performed for diffuse pain, a diagnosis of systemic disorder was made.
When sonography proved contributive, overuse was recorded in 19 of 26 (73%) examinations. In a postsurgical setting, sonography proved contributive in 13 of 20 (65%) examinations. In patients with suspect neuropathy, sonography proved contributive in 14 of 17 (82%) examinations. Among patients with neuropathy, 10 of 17 (59%) patients were referred for carpal tunnel syndrome. In patients with soft tissue tumors, sonography results were always contributive.
Among the ultrasound examinations classified as noncontributive, 5 of 30 (17%) were performed in patients who underwent ultrasound examinations after a trauma. The remaining patients with noncontributive sonography were referred for carpal tunnel or Guyon syndrome (3 of 30; 10%), a history of overuse (7 of 30; 23%), or a history of previous hand or wrist surgery (7 of 30; 23%). Eight of 30 (27%) examinations were performed in patients with a history of general pain without a clear anatomic correlation (Table 2) . In these cases, sonography was not able to confirm the clinical suspicions, nor was it able to suggest an alternative diagnosis.
When patients were divided according to a posttraumatic or nontraumatic clinical history, sonography proved to be significantly more contributive in a posttraumatic setting (chi-square, 9.2; P 5 .0023; Table 3 ). The other hand examinations were at the level of the second finger (8 of 126; 6%), the third finger (17 of 126; 13%), the fourth finger (9 of 126; 7%), the fifth finger (6 of 126; 5%), and the carpal region (7 of 126; 6%). At the level of the wrist, 8 of 126 (6%) examinations were performed at the level of the radiocarpal and radioulnar joints, 6 of 126 (5%) at the level of the Guyon tunnel, and 17 of 126 (13%) for extensor and flexor tendons. Figures (1 and 2) , and 3 show examples of ultrasound examinations that proved to be contributive.
Discussion
The main result of this study was that wrist and hand sonography proved to be contributive in 96 of 126 (76%) examinations. In addition, sonography proved 11 For this reason, we believe that this study can contribute to increasing the knowledge about the clinical impact of wrist and hand sonography beyond technical and diagnostic performance. The second main result is that when patients were divided according to a posttraumatic or nontraumatic clinical history, sonography proved substantially more contributive in a posttraumatic setting. This result is relatively Transverse highresolution ultrasound image showed an enlargement of the median nerve at the palm due to an increased amount of adipose tissue in the epineurium surrounding the rounded hypoechoic fascicles. This ultrasound appearance is pathognomonic of fibrolipomatous hamartoma of the median nerve. In addition, ultrasound examination demonstrated focally swollen fascicles of the median nerve at the carpal tunnel and at the palm. (B) Corresponding axial T1-weighted magnetic resonance imaging of the hand performed after ultrasound examination showed the enlargement of the median nerve at the palm due to an increased bulk of adipose tissue surrounding the rounded hypointense fascicles (white arrow). In this patient, ultrasound examination was considered to be contributive. showed a thickened and hypoechoic extensor retinaculum (white arrowhead) of the first extensor compartment. The abductor pollicis longus tendon (APL) was separated from and extensor pollicis brevis tendon (EPB) by a hypoechoic band structure (white arrow). The APL appeared markedly swollen. (B) Corresponding transverse color Doppler ultrasound image showed mild hypervascular pattern around the retinaculum and within the APL tendon itself. In this patient, ultrasound examination was considered to be contributive. Indeed, ultrasound examination confirmed the clinical suspicion of de Quervain disease and revealed a subcompartmentalization of the first extensor compartment useful for surgery.
surprising because the patients were referred by 2 expert hand surgeons. The choice of this inclusion criterion strongly supports the role of routine wrist and hand sonography. Indeed, it would be supposed that expert hand surgeons could request sonography less frequently than less expert physicians. According to clinical history, it is not surprising that most patients were referred for ultrasound evaluation following a trauma. Indeed, 46 of 96 (48%) were performed in patients with a history of previous trauma, and sonography was contributive in the clear majority of them. In a posttraumatic setting, sonography can diagnose soft tissue abnormalities, such as simple hemorrhagic infiltration of fat lobules, fat necrosis, hematomas, and abscesses. Moreover, sonography helps in the detection and evaluation of posttraumatic foreign bodies, especially after acute penetrating injuries. According to the clinical history of the patients, sonography is able to confirm the suspected diagnosis of carpal tunnel or Guyon syndrome by showing changes in nerve shape and echotexture and assessing the cause of compression. The study also suggests the contributive role of sonography in overuse conditions. Indeed, sonography is a useful tool for the diagnosis of wrist ganglia that derive from degeneration of periarticular soft tissues. 12 Relatively few patients were referred to sonography after hand or wrist surgery (13 of 96; 14%). The relatively low number of patients referred to sonography after surgery may suggest low confidence among hand surgeons in the role of hand sonography in general. However, in these patients, sonography proved to be contributive in 65% of case. On the contrary, the data of the study support the clinical contribution of sonography even in a postsurgical setting.
According to anatomic region, it is not surprising that most patients were referred for first finger evaluation. Indeed, a special emphasis should be given to the ulnar collateral ligament of the thumb, which is considered the most important stabilizer of the first metacarpophalangeal joint. For this ligament, sonography is often crucial in distinguishing nondisplaced from displaced ulnar collateral ligament tears where clinical examination is not straightforward. 2, 12, 15 When dealing with soft tissue tumors, sonography always proved to be contributive. These data support the role of sonography in the follow-up of patients with suspect soft tissue tumors of the limbs, as recently stated by a retrospective study. 16 We acknowledge that these data are not sufficient to create a strong evidence-based background to support the use of sonography in soft tissue tumors. A multicentric prospective trial on this topic is currently ongoing, and the final results are expected in the next few years (Magnetic Resonance Imaging or Ultrasound in Soft Tissue Tumors [MUSTT], NCT028 34585]. In limb sarcomas, sonography seems promising for exclusion of local recurrence, also according to ESSR guidelines on soft tissue tumors. 17 In patients with suspect neuropathies, sonography proved to be contributive in 82% of patients, a percentage point higher than previously reported by Padua et al. 13 However, the study protocols are slightly different and the focus of Padua et al was not only the wrist and hand.
This study has several limitations. For practical and ethical reasons, because of the wide use of wrist and hand sonography in specialized centers, it is not feasible to propose a randomized study with a group of patients excluded from ultrasound imaging. This study design Figure 3 . Example of ultrasound examination of the wrist for suspected dorsal mass. A 58-year-old man underwent ultrasound examination of the wrist for suspected dorsal mass. (A and B) Longitudinal and transverse high-resolution ultrasound image showed a well-defined anechoic structure (white arrows) with posterior acoustic shadowing (white star) located just over a carpal joint. The ultrasound appearance was pathognomonic for a dorsal ganglion cyst. In this patient, ultrasound examination was considered to be contributive. EDC indicates extensor digitorum; ECRB, extensor carpi radialis brevis.
Tagliafico et al-Wrist and Hand Sonography Contribution J Ultrasound Med 2018; 00:00-00would be too disadvantageous for the group of patients not receiving sonography. The retrospective nature of the study led to several limitations. First, we included patients with clearly written requests by the referring clinicians, but the quality of the clinical documentation was not recorded. Second, it is possible that some negative ultrasound examinations were conversely contributive: Some negative ultrasound examinations could have been useful for the surgeon to modify the diagnostic and therapeutic path, resulting in overall underestimation of the number of contributive ultrasound examinations in our study. This potential bias favors our results, strengthening the importance of sonography in the diagnostic path. Further prospective studies are warranted.
To the best of our knowledge, this study is one of first attempting to evaluate the therapeutic impact of wrist and hand sonography, and it is in line with recent suggestions of the European Society of Radiology, which created a working group on value-based imaging to support radiologists' central role in patient care. 18 We excluded patients with rheumatologic disorders, although sonography is widely used in these patients. Indeed, patients with rheumatologic disorders usually do not undergo surgery. Spectrum bias could also be present because complex cases are usually sent to imaging, but this bias is not in favor of sonography, so it was deemed acceptable.
This study has some strengths. The first is that patients referred by hand surgeons and not general practitioners had a precise diagnostic suspicion facilitating data collection and analysis. Another strength is that we included a high number of patients with a wide spectrum of pathologic conditions. Finally, we also included patients collected prospectively. A prospective trial is ongoing on the basis of the results presented in this study.
In conclusion, our study found that wrist and hand sonography was considered contributive for most patients. Sonography has the potential to impact diagnostic thinking and therapeutic management, especially in a posttraumatic setting.
